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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the photographic 
optical system which has high performance and is low-cost 
by using the diffraction optical element. 
SOLUTION: A 1st positive convex meniscus lens of which 
the object side is convexed, a lightness stop, and a 2nd 
biconvex positive lens are arranged in order from the object 
side and a diffraction surface is formed on the object side of 
the 1st lens. Thus, the lightness stop, at least two lenses, 
and at least one diffraction surface are provided and a 
condition 0<dDOE/f<0.24 is met, where (f) is the focal length " 
of the whole system and dDOE is the distance from the 
lightness stop to the diffraction surface on the optical axis. 
This is a condition for making light beam height small by 
arranging the diffraction surface nearby the lightness stop so 
as to balance a power chromatic aberration. 
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[0063] 

] 

• • (e) 

iafHJJBLfcV\fe«>, 03 0 (d) CD^y^^— i^03 
0 (e) ^03 0 (f) ^©4 U"<;w^Lt©/WTHJ- 

[0 0 6 6] 06~02 1 (C-?-tl-?tl||JfeM 1 ~ 1 6CO 

30 ^S6^J1~4 

IWH~41t -etl-?tl06~09tC^f <te>{c, 2 

^»CCic7)^^>(.^Xc7>^liEb>X, ^-5$^»J, 

MflcD^2iEu>xc7)jii(c@3gu miisyxexMbiM 

(CHItf® (DOE) «Lt^5. 30SW2~ 
414, *»«!HCififfl^-^*^©»liEb>X, ^-5$ 

ssu, mmiz£i(o*-xjix<D%i2s£i/yx(Dmizmm; 

40 yXoMWlzBf&u ^m^\tw,2vyx<mmL 
mm^\tm2\/yx<mmzm^x\i^ n 

[0 0 6 7] HJg095~6 

ie&#i5~6i4. -en-?*v0i o~0i ltc^-rio 
tc, 2#«DiEisyxfr*>mi&t<tu zoytmwizmzz 

t>mz. m&zmv* tmMizaot-xjjx&miiE 

50 1/>X ^fiStc t a©^n^*xc7)^2iEU'>Xc7)|SlcB2 



13 

ffiu mmms. 6 ft, mmzmi uyxommt 
mzuyxommizm^bx^^, emico^ 

$|6T'H, 2^7*U;U*<Z»T*^£U -e<o*, 
gS2 \/yxoymi±.\zsmm*Ll&&.hT^z>» fcis, * 

[0 0 6 8] ££S60!I7~8 

H8g#i7~8n, -wetis i 2~iai 3{c^-rie> 

IC, 2tfc©iEU>XA^e.^$*U -£<Z)$t«CfJli53S$ 10 
y«rH»bfcfc©T?&$. £SSW7, 8ft, ^{91^6 

natc %^wcia©^-x5!3^©^iiEi/>x ahnic 

ft<D;*r.x#x©m2lEl/>X<DlScl>®U ISfeM7 
BWrBBtcovvCtt. SSlts«7T*.*8i vyX<D®. 

ic^i, mfe^j8T'^2 vyxa^wm^m^ 
>^©^fli-e^u -£cd#, mi\syx<Dmt± 

[0 0 6 9] |£Sfe$|9 — 1 0 

$m&i 9-ion ^ti^rn i4~nii5 (c^f «fc o 

s. m^jg, i o*, mmfr*>miz. tmmizacD 
*—xjixoymiiEvyx, i$miz&(D*-xjjx<D%i 
zfii/yx&m^mmv. mmmmmmmzwiiuy 30 
x(ommnm2 u>x©^«ct&&ltv^ 0 s^, 

mtfffitco v vc H8fe#) 9 T'liJg 1 vyxamm^ 

J&U m&Ml 0X\tm2VyX(DWkW<Zj&fcLX^ 

s„ lafiwoifti, 2«^{©sm^u^-u7w > 

T^-So §©fe#l5, 6©®*f®«#«WKlc^ 

[0 0 7 0] 1 40 

#»Jl lit @1 6lCjjVf <fcolC ftttfflfr&jRlC. 

iEu>x^Au>xo)2^^^$tu zomzmz 

\z&(D*-xiiX(D'%iiE\syX, m&zm). <MUic 

a<D*-xjjx<Dm2M\/yx(Dmizmsu mm* 
mi \syx<mflmh%2 vyxammzm^. ta#f 
®^mi u>x<d^kii{c^ltv%5«, miisy 
xzt?V)\'&w& vyx*ir^)ii—&%4 vm 
mxm&u mi isyx<Dmt±iz.\Bffim&m 



4#BB¥ 10-161020 

14 

[0 0 7 1] 0g&g$|l 2~1 3 

mm i2~i3ii zn^ixm 17-018 tc^i- j: 

4M^flS^e>IS(C £u>X£:lEU>X<z>2tfc<>Mb 

*j, mwcta<D^^x*xa)igiAu>x crated 

<D*r:*#*©fg2iEU>X<D|iilClBgU 

fc, MGKHi 3T-ttfi vyxam^ii%2 uyxom 

2T-&3&1 S£660!ll 3T-(i^2 1/>X 

<D4mWKMf&LX\<^ ^^J12T'tl Sgl 

b yx*mm&i£ v*i/yj >*©fMflrc*tefc L, 
«, #5x3£t*±.c»v**iHS»fc*j»u *<mmzm 

[0072] $mmi 4 

^66^11 4 1*. 01 9(C:*-r«fce>{c «WMB3^&JRUu 
Au>Xi:iEi/>X<Z)2^e > ^$4i, -e^c^s 

tca(Z)^-x*^coiii^[b>x, usta© 
m2iEiyyx<Dmicmuh. mmzmi \syx<n®m 
mz%2 isyx<Dmmiz.mf&u mm^2\yyx(r> 

H^flg, ^2 l/>X4<SSM^4<U^U7>r 

«»T«bftu *<z)#. f&z uyx<Dms±K\mm* 

[0 0 7 3] HJS0IJ1 5—16 
HS601J1 5—1 6lt ^-?tl02O~02 KC^fJ: 

otc, ^fflBA>6>itc, fi\syXtiEi/yX(D2m^ 

So ^GMl 5, 1 6ft, 4fefr«fre>lgfC ^ffllltCO 
CD^^^XCOHl Al^>X. m.miZ{h(D*—Xi3X<D 
«52iEU>X, W*S«!»J©)IWcBiiaiU 
J60U1 5T*«lgi b>Xo#K*:ffi!)i:^2 u>X(D4liffi!l. 

ms^ji 6X'\tmi \syxoMfc}L%2 \/yx<mfmz 
Mf&vx^z. tiwfffitcov^n mmmisx 
itmi isyxvmm. $$mi Q\z-D^x\tm2 uyx 

®**«IfCJ»«LTVv6. Hfig^Jl 5TH1 fSl 

i/>x&^';^-^*-r htSfliT-^u -eoaM±{c 

tHI#f®$:^LT^^So ^fc, ®#f®H HS6^J1 5T- 
(i^WK, ISIffe^Jl 6T*H«»KlC^oTV^. 
[0 0 7 4] MTK. ±.mmm 1-16 * 
fc^-r. #7=-^*, f IdJUUBB. FNOttF-^-oWt 
f B \5J*v97*-1lX* a>\t^mM, ri , r2 
•••tt#l^>Xffi©ffl^S, di , d 2 •••tt#l/>X® 
f^oraPg. ndi, ndZ-^^^X^d^Stf^ v 
dh v^-Hd^T^^iaT'feU. 
ttlulB (e) ^{CT^StlS. 



(9) 



4$Bg¥ 10-I61020 
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16 



[0075] mmmi 



mm* 



f =48. 58mm, Fno=8.0, £5 =39. 04mm, a>=23.91 



ri = 6.91373 

V2 = 6.91384 

r3 = 6.21043 

r4 = 00 

r5 = 38.30240 

re = -145.27686 

K =-0.0175 
A4 = 6.5806 X10-6 
A6 = 1.3958 X10-7 
As = 1.9281 X10-9 
Aio= 1.0779 X 10-10 



amm <ii = o 

d2 = 2.29102 
d3 = 1.57116 
d4 = 2.74000 
ds = 2.50000 



ndl =1001 vdl =-3.45 
nd2 =1-69680 vd2 =55.53 



nd3 =1.51633 vd3 =64.14 



f =36. 06mm, Fno=8.0, f b =29.48mm, co =30.43 0 

7.42410 di = 3.09803 ndl =1.49241 vdl =57.66 

7.78222 d2 = 0 

7.78246 mgM) d3 = 1.83377 



nd2 =1001 vd2 ="3.45 



d4 = 0.50406 
d5 = 3 



nd3 =1.74400 vd3 =44.78 



ri = 
r2 = 
r3 = 

r 4 = 00 (jfok)) 

rs = -62.16903 

r6 = -27.10094 

K =-0.0917 
A4 = 2.4369 X10-5 
A6 = 4.0193 X10-7 
As = 3.2435 X10-9 
Aiq= 2.2080 X 10-10 



f =35. 94mm, Fno=8.0, f b =35. 73mm, co =31.22 0 



33.62695 di = 2.00000 

3203.77273 d2 = 2.00000 

«> QRy) d 3 = 2.35882 

-7.63487 (EWrE) d 4 = 0.00000 

-7.63464 ds = 3.00000 
-7.20525 



ndl =1.51633 vdl =64.15 



nd2 =1001 vd2 ="3.45 
nd3 =1.49241 vd3 =57.66 



. ri = 
r2 = 
r3 = 
r 4 = 

r5 = 
r6 = 

mmmL 

K =-0.0002 

A4 =-1.1363 XI 0-7 

hs =-3.4337 X10-8 

As = 4.3313 X10-9 

Aio=-2.0047 X10-10 



f =36. 02mm, Fno=8.0, f b =31. 87mm, co =30.93 0 
ri = 19.71078 d\ = 3.00000 ndl =1.51633 vdl =64.15 

T2 = 30.64933 d 2 = 3.00000 

F3 = 00 GBW) d 3 = 5.00000 



-20.19943 
-11.84776 

-n.84746 cmm) 



(10) 

d4 = 2.50000 
ds = 0.00000 



10-161020 



18 

nd2 =1.49241 vd2 =57.66 
nd3 =1001 vd3 ="3.45 



17 
r 4 = 

r5 = 
r6 = 

K = 0.0000 

A4 = 7.0440 X10-8 

A6 =-6.2362 XI 0*9 

Ag = 2.9135 X 10-10 

Al0=~4.7735 X 10-12 



f =36. 23mm, Fno=8.0, f b =33. 79mm, co =30.66 ° 



00 GRU) di = 3.40340 

6.58384 @mm) d 2 = 1.20000 

6.87553 d3 = 0.00000 

6.87561 (EWfffi) d 4 = 2.30073 

-13.48876 ds = 1.20000 

-9.94660 &mm) 



ri = 
r2 = 

r3 = 

r 4 = 

r*5 = 

^6 = 

K =-0.6318 
A4 =-1.1042 X10-4 
A6 = 4.0200 X10-5 
Ag =-2.8152 XlQr$ 
Aio= 1.2034 X10-7 

K =-0.0765 

A4 = 2.9184 X10-5 

Ae = 6.4199 X10-7 

Ag = 6.4026 X10-9 

Aio= 5.2385 X 10-10 

5^ 6[g 

K =-0.2013 

A4 = 5.1608 X10-5 

A6 =-1.1148 X10-6 

Ag = 6.8045 X10-8 

Aio=-8.1066 X 10-10 



f =36. 07mm, Fno=8.0, f b =33. 72mm, co =30.77 



ndi =1.57099 vdl =50.80 
nd2 =1001 vd2 =-3.45 

nd3 =1.63854 vd3 =55.38 



*> GR*J) di = 3.05845 

9.97541 (#$c®) d2 = 2.47667 

12.19426 d 3 = 1.45021 

-11.88229 (EWfffi) d 4 = 0.00000 

-11.88196 ds = 2.24201 
-9.08945 Qffififi) 



ri = 
r 2 = 

r3 = 
r 4 = 

r5 = 
r6 = 

K = 0 

A4 =-1.3961 X10-4 
AG = 4.0138 X10-6 



ndl =1.49241 vdl =57.66 

nd2 =1001 vd2 ="3.45 
nd3 =1.49241 vd3 =57.66 



(11) WHFPl 0-161020 

19 20 
As = 0 
AlO= 0 

K =-0.0186 

A4 =-1.3469 X10-6 

A6 =-1.6823 X10-8 

As = 4.8156 X 10-10 

Aio=-1.3513 X 10-H 

^6S 

K =-0.1908 

A4 = 7.7812 X10-5 

A6 =-3.3883 X10~6 

As = 2.0185 X10-7 

Aio= 2.3491 X 10-10 

f =36. 10mm, Fno=8.0, f b =3 1.44mm, ca =30.30 ° 
ri = 11.59844 (#M£d5) di = 2.50000 ndl =1.52542 vrfl =55.78 
r2 = 25.87488 d2 = 0.00000 nd2 =1001 vd2 =-3.45 

r3 = 25.87622 (EWfffi) d3 = 2.70248 

r4 = -8.32192 d4 = 3.00000 nd3 =1.52542 vd3 =55.78 

rs = -8.91705 (#NcS) d 5 = 1.00000 
r 6 = <~ GRy) 

mm 

K = 1.4496 

A4 =-8.6872 X10"5 
A6 = 1.0217 X10-6 

As = 8.2837 X10-8 

Aio=-1.0350 X10r9 
H3S 
K =-0.0204 

A4 = 7.7872 XIO* 

A6 = 5.9898 X10~9 

As =-1.0838 X 10-10 

Aio=-1.5893 X 10-12 

K = 0.2234 
A4 = 3.2547 X10"4 
A6 =-3.3400 X10-5 
As = 4.6694 X10-6 
Aio—2.3879 X10-7 

f =36. 09mm, Fno=8.0, f b =32. 06mm, co =30.97 ° 

ri = 9.51696 (#f3$ffi) di = 2.50000 ndl =1-74400 vrfl =44.78 

V2 = 10.52707 d 2 = 1.04033 

r3 = -15.46041 (tUtfoB) d3 = 0.00000 nd2 =1001 vd2 ="3.45 

T4 = -15.45937 d4 = 0.10000 nd3 =1.52288 vd3 =52.50 

rs = -15.45937 ds = 3.00000 nd4 =1.80440 vrf4 =39.59 

r6 = -13.67783 d6 = 1.00000 

r 7 = «> or*;) 



1 0 



(12) #P#Pl 0-16 1020 

21 22 

mm 

K = 0.1880 

A4 =-7.5555 XI 0-5 

A6 = 4.2084 X10-6 

A8 =-2.6452 XI 0~ 7 

Aio= 4.4126 X10-9 

mm 

K = 0.4814 
A4 = 1.6249 X10-5 
A6 = 7.4952 X10~8 
Ag = 1.4691 X10-9 
Aio=-3.6227 X 10-11 

f =36. 06mm, Fno=8.0, f 3 =32. 81mm, co =29.83 0 
ri = 00 (jRy) di = 0.50000 

V2 = 7.57760 ($mffi) <*2 = 2.46929 ndl =1-52542 vdl =55.78 
r3 = 15.05913 d3 = 0.00000 nd2 =1001 vd2 =-3.45 

T4 = 15.06001 (0#TDg) d4 = 1.35207 

rs = -4.28197 ds = 1.99511 nd3 =1.52542 vd3 =55.78 

r6 = -5.43794 (##ffi) 

!f§2H 
K = 0 

A4 = 6.2449 X10-4 

A6 = 2.7831 X10-5 

As =-2.3513 X10-7 

Aio= 3.0083 X10-7 

K = 0 

A4 = 1.3125 X10-7 
hQ =-8.8085 X10-9 
A3 =-1.3059 X10-9 
A i0 = 1.5398 X 10-10 
^633 
K = 0 

A4 = 4.0201 X10-4 
As = 4.0097 X10-5 
kg =-9.8937 X10-7 
Aiq= 1.7083 X10-7 



f 


=36. 14mm, Fno=8.0, 




=33. 18mm, 


CO • 


=29.98 0 




ri = 


«> (WW) 


di = 


0.50000 








T2 = 


7.87896 (4mW) 


d 2 = 


2.38715 


ndl 


=1.63854 


vdl =55.38 


r-3 = 


20.16269 


d 3 = 


0.93137 








T4 = 


-5.56618 (mffiW) 


d 4 = 


0.00000 


nd2 


=1001 


vd2 =-3.45 


T5 = 


-5.56608 


d5 = 


0.10000 


nd3 


=1.52288 


vd3 =52.50 


T6 = 


-5.56608 


d 6 = 


2.60967 


nd4 


=1.74950 


vd4 =35.27 


T^ = 


-8.18851 (3mm) 

























1 1 



mmmi 2 



(13) 10-161020 
23 24 
l£2® 
K = 0 

A4 = 5.8651 X10-4 
Ag = 2.3985 XI 0-5 
As = 2.0588 X10-6 
Aio= 6.2312 X10-10 
^4® 
K = 0 

A4 =-7.5180 X10-8 
A6 = 6.3634 X 10-10 
Ae = 6.5392 X10~10 
Aio=~2.2491 X 10-10 
f57® 
K = 0 

A4 = 3.4101 X10-4 
As = 2.2906 X10-5 
Ag =-2.7705 X10-7 
Aio= 3.6877 X10-8 

f =35. 91mm, Fno=8.0, £5 =21. 52mm, co =30.30 0 
ri = -7.05746 (#f^®) di = 2.30000 ndl =1.49241 vdl =57.66 
r2 = 14.08423 d2 55 0.00000 nd2 =1001 vd2 =-3.45 

r3 = 14.08473 (Ettfrffi) d3 = 2.29582 
r4 = 00 (jfcy) d 4 = 4.48559 

r 5 = -10.25229 Qfflffl d 5 = 4.50403 nd3 =1.58423 vd3 =30.49 
r 6 = -15.83454 (#Nc®) 

mm 

K = 0 

A4 =-2.3262 X10-5 

Ae = 8.1332 X10-7 

As =-6.2628 X10-8 

Aio= 1.5511 X10-9 

H55® 

K = 0.2201 

A4 =-5.2563 X10-4 

A6 =-7.8289 X10"5 

As = 5.5639 X10-6 

Aio=-2.4568 XI 0-7 

K = 0 

A4 =-1.3974 X10-4 
A 6 =-8. 03 4 9 X10-6 
As = 1.9598 X10-7 
Aio="2.8489 X10-9 

f =36. 06mm, Fno=8.0, f 5 =34.03mm, o) =31.96 0 
ri = 00 di = 1.00000 

F2 = 10.03481 d 2 = 3.20127 ndl =1.58423 vdl =30.49 

r3 = 7.76426 d3 = 0.00000 nd2 =1001 vd2 ="3.45 



(14) 4$HH¥ 10-161020 

25 26 
r4 = 7.76443 (@#T®) d4 = 1.47535 

r5 = -33.63417 d5 = 3.65580 nd3 =1.72916 vd3 =54.68 

r6 = -13.04871 (#f3£®) 

K = 0 

A4 =-1.4407 X10-4 

A6 = 4.1761 X10-6 

As = 1.7471 X10" 7 

Aio=-9.7508 X10-8 
1^4® 
K = 0 

A4 =-3.4278 X10"8 

A6 = 2.0277 XIO'S 

As =-1.9875 X10-9 

Aio= 5.6037 X 10-H 

K = 0 

A4 =-9.9931 X10-5 
A6 =-4.8519 X10~£ 
As = 1.0625 X10-7 
Aio=-6.0450 X10-9 

f =36. 10mm, Fno=8.0, fB =35. 68mm, co =32.33 0 

ri = 00 Of$y) di = 1.00000 

T2 = 6.35269 (#^c®) d2 = 1.39370 ndl =1.67270 vdl =32.10 

r3 = 4.91600 (#^®) d3 = 1.80000 

r4 = -30.98742 flUtf®) d4 = 0.00000 nd2 =1001 vd2 ="3.45 

rs = -30.98563 ds = 0.10000 nd3 =1.52288 vd3 =52.50 

r6 = -30.98563 d6 = 1.83346 nd4 =1.60311 vd4 =60.64 

r7 = -9.42965 (#3^®) 

K = 0 

A4 =-8.9798 X10-4 
A6 =-4.1523 X10-5 
As = 4.5065 X10-6 
Aio=-5.8311 X10-7 
§13® 
K = 0 

A4 =-1.1345 X10~3 
A6 =-8.8333 X10"6 
As =-4.1509 X10-6 
Aio=-8.4669 X10-8 
l$7® 
K = 0 

A4 =-2.8189 X10-4 
A6 =-2.7086 X10~5 
As = 1.4981 X10-6 
Aio=-9.5050 X 1 0-8 



mm 1 4 



1 5 



(15) #ffiPP 10-161020 

27 28 

f =28. 40mm, Fno=8.0, f b =27. 99mm, co =39.53 ° 

ri = 10.25543 @f3*ffi) di = 7.83781 ndi =1.58423 vrfl =30.49 

V2 = 5.62830 d2 = 8.99453 

r3 = oo (jjgy) d3 = 0.74914 

r4 = 94.91775 (m#r®) d4 = 0.00000 nd2 =1001 vfo =-3.45 

rs = 94.95548 ds =16.43054 nd3 =1.52542 vd3 =55.78 

r 6 = -11.73144 OffiBfi) 

K = 0 

A4 = 1.3631 X10-5 
A6 = 1.4664 X10-8 
As =-1.5347 X10-9 
Aio= 1.3247 X 10-H 
^6 H 
K = 0 

A4 = 9.1625 X10-5 
A6 =-1.5954 X10-7 
A3 = 5.2916 X10-9 
Aio= 4.1098 X 10-12 

f=28.49mm, Fno=8.0, f b =24. 33mm, c* =38.84 ° 
ri = 7.63416 di = 3.33983 ndl =1.58423 vdl =30.49 

T2 = 5.17443 d2 = 0.00000 nd2 =1001 vrf2 =-3.45 

F3 = 5.17454 (El&fffi) d 3 = 1.13367 

r4 = -52.74007 d4 = 2.20000 nd3 =1.67790 vd3 =55.34 

r5,= -9.91155 @mm) d 5 = 1.00000 
r 6 = <*> GBW) 

mm 

K = 0 

A4 =-3.2760 X10-4 

Aq =-4.8325 X10-6 

As =-5.6482 X10-7 

Aio=-3.3557 X10-9 

K = 0 

A4 =-1.3215 XKT 7 
A6 = 7.6302 X10-8 
As =-1.1646 X10-8 
Aio= 6.3223 X 10-10 

K = 0 

A4 =-5.1452 X10-4 
A6 =-1.0559 X10-5 
As =-1.5190 X10-6 
Aio=-6.5933 X 10-10 

f =36. 10mm, Fnq=8.0, ffi =32. 90mm, =32.38 0 



(16) flfflPFl 0-16 1020 

29 30 

ri = 10.03645 ($&m) di = 3.91802 ndl =1.60342 vrfl =38.01 

T2 = 6.33133 Gfflm) d2 = 1.60282 

r3 = -53.44303 (HBTfffi) d3 = 0.00000 nd2 =1001 vd2 =-3.45 

r4 = -53.43722 d 4 = 2.84551 nd3 =1.63854 vd3 =55.38 

rs = -10.39640 (#$tB) ds = 1.00000 

r 6 = oo ORy) 

mm 

K = 0 

A4 =-1.6933 X10-4 
A6 =-5.5657 X10~6 
As =-3.6642 X10-9 
Aio=-1.8218 X10-9 

K = 0 

A4 = 6.5371 X10-5 
A6 = 3.4012 X10-6 
As =-4.5904 X10~ 7 
Aio= 6.2789 X10-8 

K = 0 

A4 =-2.8991 X10-4 
A6 =-1.6823 X10-5 
As = 9.4645 X10-7 
Aio=-6.2250 X10-8 

±nsoKHi. 5. 7. 9, 11, 1 2, 14, *ic^vr e &ji<D^mm<om^^ en ~ (8) <d 

1 5<DMmM&lzM'*Z>imil5lM* f¥j0to3& SAUK «&T^0)*lCw1\ 
IS. ffim&^ZikTl&MmZ *tl^P tlH 22-029* [0076] 





(1) , (2) 


(3) . (4) 


(5) . (6) 


(7) , (8) 




0.080 


0.054 




0. 112 


2 


0.051 


-0.024 




0.143 


3 


0.066 


-0.979 




0. 142 


4 


0.208 


-0.217 




0.077 


5 


0.127 


-0.022 




0.061 
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